Abstract. This study investigated the effect of ginsenoside-Rg5 on the degradation of articular cartilage in osteoarthritis rat model and on induction of chondrocyte apoptosis. Osteoarthritis rat model was prepared by ligament transection and medial meniscus resection. The rats were then treated with different doses (1, 2, 5, 10 and 15 µM) of ginsenoside-Rg5 for 48 h. The results from histopathological analysis revealed a significant (P=0.005) prevention of cartilage degradation in OA rat model by ginsenoside-Rg5 treatment at 15 µM. Ginsenoside-Rg5 treatment prevented the disintegration of synovial membrane to a significant (P=0.005) extent. The proportion of apoptotic cells in the knee joints was reduced to 7% by ginsenoside-Rg5 treatment after one month compared to the control. Treatment of the rats with ginsenoside-Rg5 caused increase in the levels of proteoglycan, collagen and type II collagen by 5-, 3-and 4-fold compared to the control group. Immunohistochemistry revealed that the level of MMP-13 was reduced to 45% and that of TIMP-1 was increased by 67% on treatment with ginsenoside-Rg5. The levels of interleukin-1β, tumor necrosis factor-α, nitric oxide and inducible nitric oxide synthetase were reduced by 67, 54, 32 ad 49%, respectively after one month of treatment with 15 mg/kg dose of ginsenoside-Rg5. The expression was increased to 67 and 52% for BMP-2 and TGF-β1, respectively on treatment with ginsenoside-Rg5. Thus ginsenoside-Rg5 prevents cartilage degradation in the OA rats and inhibits cartilage apoptosis, therefore it can be used for osteoarthritis treatment.
Introduction
Osteoarthritis (OA) is one of the commonly observed diseases of joints caused by the disintegration of cartilage matrix and death of chondrocytes (1) . There is always an equilibrium maintained by extracellular cartilage matrix between the formation and loss of chondrocytes (2, 3) . Loss of chondrocytes is a limiting factor for the formation of extracellular cartilage matrix which subsequently leads to the development of osteoarthritis (4) . Many factors such as proteoglycan and collagen (type II) are involved in the regulation of normal functioning of chondrocytes (5) . Studies have revealed that chondrocyte loss and extracellular matrix degradation involve several factors including, generation of peroxide radicals, TNF-α and interleukins (6, 7) . All these factors initiate inflammatory reactions leading to chondrocyte apoptosis (8) . Expression of interleukin-1β is responsible for the production of inhibitors of metalloproteinase (TIMPs) leading to the inhibition of matrix metalloproteinase (MMP) generation and subsequent chondrocyte death and OA (9) (10) (11) .
Traditional Chinese medicine (TCM) involves the use of various herbs as well as dietary ingredients for several disorders depending upon the type of the syndrome (12) . Numerous studies have been performed to demonstrate the chemotherapeutic potential of TCM against various types of cancers (13) . Ginseng has a long traditional medicinal importance for the treatment of cancers, stress and diabetes (14) . Ginsenoside-Rg5 obtained by the processing of ginseng has shown promising anticancer, anti-inflammatory and anti-aging properties (15) (16) (17) . There are several reports which demonstrate the activity of ginsenoside-Rg5 against cancer (18, 19) , dermatis (20) , inflammation (21) and neurotrophic disorders (22) . This study was performed to investigate the effects of ginsenoside-Rg5 on destruction of cartilage through onset of cartilage matrix damage and death of chondrocytes in OA rat model. This study revealed that ginsenoside-Rg5 significantly prevents destruction of articular cartilage through inhibition of chondrocyte apoptosis and matrix damage in OA rats.
was approved by the Laboratory Animal Care Committee of Sun Yat-sen University (Guangzhou, China).
Preparation of osteoarthritis rat model. The animals were subjected to anesthetization using halothane, knee joint was exposed to dislocate the patella and subsequently microscissors were used for transection of ligament and resection of the medial meniscus. The rats were randomly assigned to seven groups of 5 each. The five treatment groups were given 1, 2, 5, 10 or 15 mg/g doses of ginsenoside-Rg5 intragastrically daily for one month. The rats in the normal and untreated groups received equal volume of normal saline at the same time.
Histological analysis. On day 31 animals were sacrificed to extract the tibia and femur bones from each of the animals. The dissected bones were subjected to fixing in paraformaldehyde followed by decalcification and paraffin embedment. The bones were then cut into thin sections, deparaffined and subjected to hematoxylin and eosin staining for microscopic examination. The cartilage damage was monitored on the Mankin scale ranging from 0 to 12. The quantification of synovial lining damage was performed using Image-Pro Plus 6.0 system (IPP) image analysis system (Media Cybernetics, Rockville, MD, USA).
Terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) staining.
Antigen retrieval was conducted according to the manufacturer's instructions (Roche) and after dewaxing. The cartilage sections were washed twice with PBST and then permeabilized using 0.1% Triton X-100. Incubation of the sections was performed using fluorescein-labeled dUTP and terminal deoxynucleotidyl transferase (TdT) mixture. Antifluorescein antibody in combination with alkaline phosphatase was used for probing purposes. The Olympus OX31 microscope (Olympus, Tokyo, Japan) was used for the analysis of the apoptosis of the chondrocytes. Quantification of the apoptotic chondrocytes was performed using Image-Pro Plus 6.0 system (IPP).
Immunoblotting analysis. The paraffin-embedded sections were cut into thin sections followed by de-paraffinization in boiling xylene. The sections were treated by hydrogen peroxide and then incubated with blocking serum (vectastain ® ABC kit, vector Laboratories, Burlingame, CA, USA) for 45 min. The sections were incubated with mouse monoclonal antibodies against type II collagen, MMP-13 and TIMP-1 (dilution 1/30; Beijing Biosynthesis Biotechnology Co., Ltd., Beijing, China) overnight at 4˚C. The sections were washed with PBS an subsequently incubated with horse secondary antibody (zhonshan Golden Bridge Biotechnology, Beijing, China) for 1 h. The 3,3'-diaminobenzidine (DAB; Sigma, St. Louis, MO, USA) stained sections were analyzed using Image-Pro Plus 6.0 system (IPP).
Flow cytometry for analysis of apoptosis induction.
Chondrocytes treated with ginsenoside-Rg5 were collected, rinsed in ice-cold PBS. Chondrocytes were then suspended at a density of 2x10 6 per ml into the binding buffer and subjected to incubation. Then 100 ml samples were put into the fulcrum tubes and treated with Annexin v-FITC (5 µl) and propidium iodide (10 µl) for 30 min under dark atmosphere. Following incubation, chondrocytes were treated with binding buffer and then analyzed using flow cytometry.
Western blot assay. After incubation of the chondrocytes with ginsenoside-Rg5 for 48 h, 300 µl lysis buffer (Wuhan Boster Biological Technology, Ltd., Wuhan, China) was added. Then cell lysate was treated with 3 µl protease inhibitor and the mortar for 45 min on ice followed by centrifugation for 30 min at 12,000 x g. The supernatant was collected for the determination of concentration of proteins. To this mixture was added 4X sample buffer solution, followed by boiling for 45 min. The centrifuged mixture was subjected to isolation on SDS-PAGE and the protein transfer to polyvinylidene difluoride membranes. The membranes were blocked using 5% skimmed milk and subsequently incubated with mouse anti-MMP-13 monoclonal antibody (1:100; sc-189; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and rabbit anti-TIMP-1 polyclonal antibody (1:100; sc-189; Santa Cruz Biotechnology, Inc.). After overnight incubation, the membranes were washed twice with PBS and then incubated for 1 h with horseradish peroxide-coupled sheep anti-mouse secondary antibody (Beijing Kangwei Technology Group Co., Ltd., Beijing, China). The blots were treated with chemiluminescent reagent (GS009; Beyotime Institute of Biotechnology, Shanghai, China) and then images were captured.
Quantitative polymerase chain reaction (qPCR).
The chondrocytes were treated with ginsenoside-Rg5 for 48 h. Following incubation, total RNA from the chondrocytes was isolated using RNA extraction kit (Invitrogen Life Technologies, Carlsbad, CA, USA). After extraction and subsequent purification, the RNA concentration was measured using a spectrophotometer. The 2-µg RNA samples were then subjected to reverse transcription using reverse transcription reagent (Takara Biotechnology Co., Ltd., Dalian, China). Quantification and analysis of the transcripts was performed using QuantiTect SYBR Green PCR kit (Qiagen, Tokyo, Japan) and Applied Biosystems ® 7500 Fast Real-Time PCR system (Applied Biosystems Inc.), respectively. PCR was performed using the following reaction conditions: pre-denaturation was performed at 95˚C for 30 sec; at 95˚C denaturation was carried out for 3 sec; and at 60˚C annealing was done for 30 sec. The data were obtained directly from the real-time fluorescent quantitative PCR instrument (Bio-Rad Laboratories, Inc., Hercules, CA, USA). PCR primers used were: TGAGGA TACAGGCAAGACTCT (forward), CAATACGGTTACTCC AGATGC (reverse) for MMP-13 and CTTCTGGCATCCTGT TGTTG (forward), AGAAGGCCGTCTGTGGGT (reverse) for TIMP-1.
Statistical analysis. The data presented were analyzed using SPSS software, version 12.0 (SPSS, Inc., Chicago, IL, USA). Analysis of the data was performed using one-way analysis of variance and subsequent Tukey post hoc comparisons. Statistically significant differences were considered at a two-tailed P<0.05.
Results
Ginsenoside-Rg5 treatment prevents damage to articular knee cartilage in OA-rat model. Histopathological analysis of the OA-rat cartilage revealed marked changes such as presence of wide spaces, dissociated cells and rough surface. However, ginsenoside-Rg5 treatment prevented damage to cartilage in the OA-rats following one month of treatment (Fig. 1A) . Among the various doses used to treat the OA-rats, the effect was significant (P= 0.005) at 15 mg/kg concentration of ginsenoside-Rg5. In comparison to the untreated group of OA-rats, the Mankin score in the ginsenoside-Rg5 treated group was significantly lower. Synovial examination showed irregular surface and higher population of the inflammatory cells in the OA-rats. However, ginsenoside-Rg5 treatment prevented the disintegration of synovial membrane to a significant (P= 0.005) extent compared to the untreated group (Fig. 1B) .
Effects of ginsenoside-Rg5 on knee chondrocyte apoptosis in the OA-rat model. Ginsenoside-Rg5 treatment caused a significant (P<0.05) reduction in the proportion of apoptotic cells in the cartilage compared to the control group (Fig. 2) . Ginsenoside-Rg5 treatment for one month caused reduction in the proportion of apoptotic cells to 7% in the knee joints compared to the control.
Effects of ginsenoside-Rg5 on knee cartilage matrix in the OA-rat model.
Treatment of the rats with ginsenoside-Rg5 for one month caused a significant prevention of the degradation of cartilage matrix compared to those in the control group. The levels of proteins including, proteoglycan, collagen and type II collagen were increased by 5-, 3-and 4-fold compared to the control group (Fig. 3) .
Ginsenoside-Rg5 treatment alters the expression levels of MMP-13 and TIMP-1 in the OA-rat model.
Immunohistochemistry revealed a significant alteration in the expression levels of MMP-13 and TIMP-1 in the rats on treatment with ginsenoside-Rg5 compared to the control group after one month. The level of MMP-13 was reduced to 45% compared to the control and that of TIMP-1 was increased by 67% in the rats treated with ginsenoside-Rg5 for one month (Fig. 4) .
Ginsenoside-Rg5 treatment alters the expression of interleukin-1β, tumor necrosis factor-α, nitric oxide, inducible nitric oxide synthetase, BMP and TGF-β in the serum of
OA-rat model. Treatment of the OA-rats with ginsenoside-Rg5 for one month caused a significant reduction in the expression levels of interleukin-1β, tumor necrosis factor-α, nitric oxide and inducible nitric oxide synthetase. The levels of interleukin-1β, tumor necrosis factor-α, nitric oxide and inducible nitric oxide synthetase were reduced by 67, 54, 32 ad 49%, respectively, after one month of treatment with 5 mg/ kg dose of ginsenoside-Rg5. Ginsenoside-Rg5 treatment for one month led to a significant enhancement in the expression levels of BMP-2 and TGF-β1 in the OA-rats. The levels were increased to 67 and 52% for BMP-2 and TGF-β1, respectively after one month (Fig. 5) . 
Ginsenoside-Rg5 treatment inhibits chondrocyte apoptosis.
Incubation of the chondrocytes with interleukin-1β caused a marked increase in the proportion of apoptotic cells. However, treatment of the chondrocytes with 1, 2, 5, 10 and 15 µM doses of ginsenoside-Rg5 for 48 h prevented the interleukin-1β induced apoptosis of chondrocytes in a dose-dependent manner (Fig. 6) . Apoptosis of chondrocytes was reduced to 56, 42, 29, 11 and 2% on treatment with 1, 2, 5, 10 and 15 µM, respectively doses of ginsenoside-Rg5 after 48 h.
Ginsenoside-Rg5 treatment of chondrocytes alters the expression of MMP-13 and TIMP-1.
Treatment of chondrocytes with ginsenoside-Rg5 caused a concentration-dependent decrease in the interleukin-1β induced expression of MMP-13. The expression of MMP-13 was reduced to 82, 76, 58, 34 and 12% on treatment of chondrocytes with 1, 2, 5, 10 and 15 µM, respectively, doses of ginsenoside-Rg5 for 48 h. Treatment of the chondrocytes with ginsenoside-Rg5 caused a significant increase in the interleukin-1β inhibited expression of TIMP-1 (Fig. 7) . Chondrocytes were treated with 1, 2, 5, 10 and 15 µM doses of ginsenoside-Rg5 and the expression of TIMP-1 was found to be 2, 3, 3.7, 4.5 and 6-fold, respectively compared to the interleukin-1β treated chondrocytes (Fig. 7) .
Discussion
This study was performed to investigate the effects of ginsenoside-Rg5 on destruction of cartilage through onset of cartilage matrix damage and death of chondrocytes in OA rat model. The results from this study demonstrated that ginsenoside-Rg5 prevents degradation of cartilage and inhibits inflammation of synovium in the OA rats. OA is characterized by the dissociation and death of chondrocytes, damage to extracellular cartilage matrix and production of free radical leading to inflammatory reactions.
During OA a marked loss of chondrocytes is observed in the articular cartilage which is evident by the formation of wide spaces and rough cartilage surface (23) . The current Figure 3 . Ginsenoside-Rg5 prevents extracellular cartilage matrix degradation in the OA rats. In the rats treated with various doses of ginsenoside-Rg5 for one month the levels of proteoglycan, collagen and type II collagen were analyzed. The photomicrographs were captured at a magnification of x200. Figure 4 . Ginsenoside-Rg5 alters the expression level of matrix metalloprotein-13 and its endogenous inhibitor-1 in the OA rats. The rats were treated with ginsenoside-Rg5 for one month and then the expression of matrix metalloprotein-13 and its endogenous inhibitor-1 were examined. Images were captured at a magnification of x200. study revealed a significant increase in the chondrocyte apoptosis and degradation of extracellular matrix in the OA rats. However, ginsenoside-Rg5 treatment led to inhibition of chondrocyte apoptosis and prevention of extracellular matrix damage in OA rats after one month. Apoptosis was also induced in the chondrocytes by incubation with interleukin-1β and the cells were then treated with ginsenoside-Rg5. The results revealed that ginsenoside-Rg5 treatment significantly inhibited the interleukin-1β induced apoptosis in the chondrocytes. Degradation of cartilage is caused by the inhibition of proteoglycan which is the major component of extracellular matrix and provides it strength (24, 25) . Another factor of extra- Figure 5 . Ginsenoside-Rg5 changes the expression of interleukin-1β, tumor necrosis factor-α, nitric oxide, inducible nitric oxide synthetase, bone morphogenetic protein and transforming growth factor-β1 in the OA rat serum. Treatment of the rats with ginsenoside-Rg5 for one month was followed by analysis of the expression of various factors. cellular matrix providing strength to the articular is the type II collagen (26) . The degradation of type II collagen is caused by MMP-13, however, its activity is suppressed by TIMP-1 (27, 28) . Our current study revealed that ginsenoside-Rg5 treatment for one month significantly increased the expression of TIMP-1. The increased expression of TIMP-1 was evident by a marked reduction in the MMP-13 expression in OA-rats. Treatment of the chondrocytes with interleukin-1β caused a significant reduction in the expression of TIMP-1. However, treatment of the chondrocytes with ginsenoside-Rg5 led to a marked increase in the expression of TIMP-1 in following incubation with interleukin-1β. Initial stage of OA is characterized by the inflammation and higher level of proinflammatory cytokines such as interleukin-1β and the tumor necrosis factor (29). In addition, the level of nitric oxide radical and inducible nitric oxide synthetase is also higher which induced chondrocyte death (30) . Our results revealed that ginsenoside-Rg5 treatment caused a significant reduction in the expression of interleukin-1β, tumor necrosis factor, nitric oxide radical and inducible nitric oxide synthetase in the OA-rats after one month.
Thus, this study revealed that ginsenoside-Rg5 significantly prevents destruction of articular cartilage through inhibition of chondrocyte apoptosis and matrix damage in OA rats. Therefore, ginsenoside-Rg5 can be used for the treatment of osteoarthritis.
